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ABSTRACT

Direct arylations of indoles and pyrroles with differently substituted diaryliodonium salts were shown to efficiently proceed in the absence of metal
catalysts.

Direct arylations of otherwise unreactive C�H bonds
have emerged in recent years as attractive alternatives to
traditional cross-coupling reactions with organometallic
reagents.1 Particularly, the direct functionalization of

indole derivatives has received significant attention,2 be-
cause this scaffold is omnipresent in biologically active
compounds and natural products.3 Remarkable progress
in metal-catalyzed direct arylations of electron-rich
(hetero)arenes was recently accomplished through the
use of diaryliodonium salts as arylating reagents.2b,4 Dur-
ing studies directed toward the development of ruthenium-
catalyzed5 C�H bond functionalizations on heteroarenes
we observed that C�H bond arylations of indoles and
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pyrroles occur in the absence of transitionmetal catalysts,6,7

on which we wish to report herein.
At the outset of our studies, we tested various reaction

conditions for the direct functionalization of indole 1awith
diaryliodonium salt 2a (Table 1).8 Interestingly, we ob-
served that direct arylations under metal-free reaction
conditions proved viable in toluene, NMP, t-AmOH, or
DMF as the solvent, the latter of which was employed for
further optimization studies.

Subsequently, we probed the effect exerted by the coun-
teranions of salts 2, which showed that satisfactory results
couldbe obtainedwithdiaryliodonium tetrafluoroborates,
hexafluorophosphates, trifluoroacetates, or tosylates
(Table 2, entries 1�6), while the corresponding bromides
failed to deliver the desired product 3a (entry 7).

With optimized reaction conditions in hand, we probed
the scope of metal-free direct arylations with differently
substituted indoles employing dianisyliodonium tosylate
(2b) (Scheme 1).Notably,N-alkyl indoles 1were converted
efficiently, as were free (NH)-indoles. More hindered
2-substituted indoles 1 reacted with comparable efficacy,
thereby yielding products 3h�3l. Decoration on the aromatic
moietyof indoles 1waswell tolerated,whichamongothers set
the stage for the synthesis of chloro-substituted product 3o.

Direct arylations of indoles 1 occurred with excellent
site-selectivities to predominantly yield the C-3 arylated
products. However, it is noteworthy that small amounts of
the C-2 functionalized indoles 3pb and 3qb were isolated
when using starting materials 1p and 1q, respectively
(Scheme 2). Here, best results were obtained with DMF
or toluene as the solvent.9

The C�H bond functionalization protocol was not
limited to the direct introduction of a 4-anisyl substitutent
but allowed for the preparation of products 3r�3u as well
(Scheme 3).10,11

Table 1. Effect of Solvents on Direct Arylation of Indole 1aa

entry solvent yield

1 Br2CHCHBr2 --

2 Cl2CHCHCl2 3%b

3 1,4-dioxane 11%

4 PEG-400 --

5 PhMe 25%

6 AcOH 7%b

7 t-AmOH 39%

8 DMA 8%b

9 NMP 20%

10 DMF 38%

11 DMF 43%c

aReaction conditions: 1a (0.50 mmol), 2a (0.55 mmol), solvent (2.0
mL), 100 �C, 22 h; isolated yields. bGC-conversion with n-tridecane as
standard. c 1a (1.00 mmol).

Scheme 1. Scope of Metal-Free Direct Arylations of Indoles 1a

aReaction conditions: 1 (0.50mmol), 2b (1.00mmol),DMF (2.0mL),
100 �C, 22 h. b 2b (0.55 mmol); isolated yields.

Table 2. Effect of the Counteranionsa

entry X yield

1 OTf 38%

2 BF4 40%

3 PF6 58%

4 OTFAc 54%

5 OTs 47%

6 OTs 54%b

7 Br ---

aReaction conditions: 1a (0.50 mmol), 2 (0.55 mmol), DMF (2.0
mL), 100 �C, 22 h. b 2 (1.00 mmol).

(8) All direct arylation reactions reported herein were performed in
new glassware using new stirring bars. Representative starting materials
1 and 2were analyzed by ICP-MS, which revealed only trace amounts of
transition metals (inter alia <1 ppm Pd, Rh, and Ru; <10 ppm Cu).
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(10) Under otherwise identical reaction conditions, the addition of 2
equiv of 2,6-di-tert-butylpyridine afforded product 3s in a comparable
yield of 69%.

(11) Small amounts of the corresponding C-2 arylated products
(2�8%) were formed during the preparation of products 3r�3t, as
indicated by GC/MS analysis.
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Likewise, unsymmetrically substituted diaryliodonium
salts 2 were found to be suitable arylating reagents, which
resulted in the preferential transfer of the less sterically
hindered aromatic moiety (Scheme 4).

An additional intramolecular competition experi-
ment with iodonium salt 2c bearing two different aryl
substituents with comparable steric demand high-
lighted that the less electron-rich group is introduced
predominantly (Scheme 5).
Moreover, intermolecular competition experimentswith

an excess of differently substituted indoles clearly revealed

a strong correlationwithMayr’s nucleophilicity parameter
N12 (Scheme 6).

On the basis of these experiments, we finally probed
pyrrole 4 as a substrate (1,2,5-trimethylpyrrole: N =
8.69),13 which delivered the desired product 5 (Scheme 7).

In summary, we have reported on efficient direct aryla-
tions of indoles with diaryliodonium salts in the absence of
metal catalysts. Importantly, the protocol proved broadly
applicable, thereby enablingC�Hbond functionalizations
of free (NH)- as well asN-substituted indoles and pyrroles.
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Scheme 3. Scope of Direct Arylations with [Ar2I][OTs] 2

Scheme 2. Direct Arylations of 2,3-Unsubstituted Indoles 1p
and 1q

Scheme 4. Direct Arylations with Unsymmetrically Substituted
Salts 2

Scheme 5. Intramolecular Competition Experiment with Salt 2c

Scheme 6. Intermolecular Competition Experiment

Scheme 7. Direct Arylation of Pyrrole 4
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